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(57) Abstract: A radio device (1000) separates the signal 
from a specific terminal among from the signals from 
adaptive array antennas (#1 to #4) according to a reception 
weight vector calculated by a reception weight vector 
calculator (20). A reception coefiBcient vector calculator 
(22) derives an impulse response of a propagation path of the 
signal from the specific signal. A transmission coefficient 
vector inferring device .(32) predicts the propagation path 
at the transmission time from the results of the inference 
by the reception coefficient vector (22). A transmission 
weight vector calculator (30) controls the antenna directivity 
at the transmission time according to the results of the 
prediction by the transmission coefficient vector inferring 
device (32). In such a way, the degradation of the error rate 
of the downstream line due to time difference between the 
upstream and downstream lines can be suppressed. 
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mmmm i o o o t ^ ^ :^'t t y # i - # 4 b (Dm^co 5 
So mit^=:^^ hji^^umsoit. mm^M^^ hjm^ms 2(D^mm 
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5 ^m6^m 

10 "W^MWi 

us 0 MiSi[5^fiJ#fi^iK (Frequency Division Multiple Access : FDM 
A) , (Time Division Multiple Access : TDMA) joJ:t/P 

^-f. I13 0^#BSL-C. FDMA, TDMA*Dctt/P DMAiloV^Tffl^tl 
Wtmir^o mSO (a) (IFDMA^^-rHI-efco-C, M/.e5Ji«f l~f 4 

20 113 0 (b) {I^-TTDMAHj^V^Tfi. if (Dx -:^i?/Wb^n/dt-§-/5\ 

^/=f-5j^i^^f l~f 4cd€^1:\ ;i>o— ^co^Pb^ (^?-Y A;^ n 5/ h) r^rii^ 

25 PDMA^it;6^il^$nTI/^?)„ CIO P DMA;^^tl. HBO (c) 

U-l- (adaptive array) t'(D^-K=F^m^mmt^m\^^X6^m^tl=^o 
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(omm&mm e omm^m <mm^m2 (Dmmmm 1 1 Lxmt>to 
m(D^—fB<Dt^^xh^m^mtm8 tmmmmme tcnrnxmrnB^com^ 
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10 



15 



20 



-if A(7)iifS«tf btLS ^ ^: (-J'cf 6o 

^-f^ rL-if A;0^b(7)it-^<^A (t) . ^-1fB;5^bOfB-^^B (t) iri-^ 

(t ) i!>:^©ct : - 

xl(t)=alXA(t)+blxB(t) 

-rT\ ai, b in. =^j!ii-rsj;5(^yr;Ui?'f A-e^{bi-?)#.m-t?s>5o 



x2 (t) =a2XA (t) +b2XB (t) 



x3 (t) = a3xA (t) +b3XB (t) 
rr-C% a 3, b 3'ijl^1t}^yT7V^-ri^-e^'fb-r^«T'fe5o 
WmX^. ^n(^T>'X-j-#nT'(D^itffi-^x n (t) fi, ^^(^ J: ^ fil^^:? ^ 
: 

xn (t) =anXA (t) +bnXB (t) 

~::T% an, b n'bf^1i}-yT/U^-l'A-C"^fb-r5^.^T-fe2)o 
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±IE(^^i:al, a 2, a 3, a nit. :=L—fA^^h(Dm^^-^KnL. 

^tc. ±m(DWMhl, b2, b3, bn'blWI^lC, =^—fBt^h(Dm,& 

ft-tid^L. r^x-^#i, #2, #3, # n (7)^ixm-eo^{H3i^{::^ 

^timc7)T>x-fr-M$nfcfs-^x 1 (t),x2(t),x3(t), 

X n (t) (i, >^Jt1r^7.^ y^\0-l, 10-2, 10-3, •-, 1 0 

v-<^ h^x^mmui i\^^^hti^tth\^. niz-^-^^^n^i 2-1, 1 

2-2, 12-3, -, I 2-n(D-lJXt)\^^ri^M^hri^. 
T^xi-C-cDSiftit-^tC^i-^M^w 1 , w2, w3, vfntmi)\^^tl^o 

L^'/j^oT. T^/x-^# 1 r*(DSjmt-§-x 1 (t) ii. ^»^12-1^ST. 

wlX (alA (t) +blB (t) ) tf^K). T^y^-r^ 2X(D^iBm^x 2 
( t ) It. 12-2 ^mX. w2X (a2A (t) +b2B (t) ) 

•3, T>'x-t# 3T'<Z)Mf@-^x 3 (t) it. mW-^l 2-3^mX. w3X 
(a3A (t) +b3B (t) ) tfj:Kl. ^ h\ZT ^Ti-I^ nX(D^iEit^-x n 
it) it. mW-B 1 2 - n ^mX. wnX (anA (t) +bnB (t) ) 

•So 

zinh(Dmw-mi 2 - 1, 12-2, 12-3, 1 2 - n (Dtatiit. ijm 

mi SXUm^ti. 't(DW,tlitTtd.(DXoizfj::^ : 

wl (alA (t) + blB (t) ) +w2 (a2A (t) +b2B (t) ) 
+ w3 (a3A (t) +b3B (t) ) +••• + wn (anA (t) + bnB 
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(t) ) 

rn^ft-^A (t) izm-r^T^tm-^B (t) Km-r^^tiz^n^twx 

(wlal+w2a2+w3a3+-" + wnan) A (t) + (wlbl+w 
2 b 2 +w 3 b 3 +--- + wn b n) B (t) 

w3, -, wn^ff»i-5o /c<t;i(±\ H 3 2 tD^ijTii, -^^^T h-<^ h/V^m 
IfPl Hi. :^Mmmi-^^^—fA^^h(Dit-^-A (t) ©;^^tttti-t-5fc4?){C, 
#ical, a 2, a 3, an, bl, b2, b3,— , h n^-^^t^ti:L. 

m^A ( t ) (Dmm^^±i^t Lx 1 . jf-^B ( t ) (Dmm^±wt Lxot 

M^wl, w2, w3, wn^f+^-fSo . 

irfii^-h. ^^-( h-<^ hji^mnui l it. rm(Dm^L-i^:fjU^^m< 
(c J: ^ . jf-^A ( t ) 1 > -ft^B ( t ) (D^mr^ 0 t tj:^m^w 1 , w 

2, w3, wn^y Ty^^^i^T'^tti-r^ : 

wl a l+w2a 2 + w3a 3+--- + wnan = l 

wl b l+w2b2+w3b3+-" + wnbn = 0 

^©J; e'f-fi^w 1, w2, w3, ■•■,.wn^n'^-r^^t\^X'0. MM^l 
;±J;tlfs^= 1 XA (t) +OXB (t) =A (t) 
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Ti^-^mi^mmmi(D^:^^ h-<^ h^^mmui I (1132) it. ^^^viah^ 

-YMUM^l ^«fiJc-t-5a2lMl T{CA'9. ^^^1 5- 1, 15-2, 15 

-3, 1 5-nc73-:^A:/:j(i-^^^ix5o rn?>(^^»:^(Dfiii;^A;^(cfi-^ 

M<;^wl, w2, w3, wn;iS=: t°-$;j^-cP|];!3P^ix^o 

1, 10-2, 10-3, -, 1 0-n^;^^LT. ^J^:-t-5T^x^# 1, #2, 
#3, #nt::ite>n. 113 1 ©0J^3f^}c:i^ft$tU'5o 

miS«4m; <9^ft^ii5e I113 4il, 5?^^^-1fAiT^$^■7"x^:/■T^ 
^;6^K®ll^^-f-|13 10ffi^3{-mLT, IDS 4©Mffl±©ffli^3 a{I^ 
-r ct 5 7 y T ^-r MStte^ 1 fi^— If A 0^^«fS:^ 4 ^ - 

^^f^^'o^'t^Wi(ov-<)vti%\^m^x\>%m^\z.=^^^-^nux^^fz.^. ^ 
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(Frequency Division Duplex) , TDD (Time Division Duplex) ^Po^tpT® 

7i^ii^>mtf-j:^o ^(oitif). -mats TDi^xcDmmmmtfi:^ . 

T^MT'^ffifS^tC, n^Jj:i^'0(Dh^W}^^J:l^4 V-^W^^n^Lfcm 



mmxnibrifz<y::^^ h-<^ hJ\^^^^\^^x—^f^^^ffts:^^W:^'^iiiT(DXWi 
20 ^\zmm^rix\^^^o 

(1) mm. /nil ^m. is^t^ (b-id.voi. jsi-b- 

II, no. 1, pp. 1-9, Jan. 1998. 

( 2 ) i^m. ^n. it^mn. rcs97-68. pp. 27-32. 

Jul. 1 9 9 7. 

:^mmit. ±ti(DXoti?^m.'^.^mi^i-^tc!^i^^i^ritih<Dxh<^x. rv 
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•So 

iQ^^^h(Dm^iB^tl^iB-^(D±'0^m:^o y hit. ± 19 (Uj^^ n >;/ h(D^mU 

8 
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o^if«^^ h/v*3j;t>'m2 0g:ft#i[-<^ h/v<gr^2>:6<]tc#ffii-?.o 

i^mi)^h(Dm^iB^ti^iB^(D±^m'^y^^ y hit. ±^\B\my^^y ho^mu 
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15 ■ /ut^^nx. ^im-^i-^^^n'^U(Dm^^^\^}t^cxm^&o\^m:h-r^wm 

20 n 1 :^mm(DmM(Difm 1 » p DMAmmmm<Dm^^w imB&^m) 

25 m4it. mMmmi(Dmw\(o^ ^m'^M^^ vj^%\%Wi2 2(D^(Dm^^ 
m-^mxh^. 

mxh^oo 
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III9{i. ia7}C7Ftfc7^/u^5^A (z) (^«gg^^i-m:/'n 5,^|g-efc5„ 
liliofi. AR^T;Wi*5tt^^^/Ui5'A (z) (^i^^7^/^^w (z) (n>m^ 

[iI12{±. TDD/'PDMA:^i(:^^m-t:|i|T*fc5„ 
12ll3{i. PDMA£D;^n2/ h^^gg^^i-m-efc^^ 

ER#tt^.i^-r0Tfe5o ^W«¥^E,/N, (1 ^fcfc^)(Z)5pi^|;a.;^/^^■ 
BER^#tt^^i-|gT'*5:5. 

BERiifti^Tj^i-lllT'feSo 

1^1 7{i. ft^K^/y^-j^J^^f ,;6>^5Hz(^m^};oV^TRLS^»Hj; 
5 ^t^cTD Sf2J§ B E R #tt ^^t-m T" § o 

mi 8f4. *;^K5'-:/7-J^«f ,;0S2 0HzOmB■}::oV^TRL S^iftr 
ct 5#^(7)5|ZJ^B E R#14^7j^1-|aT'fe5, 

mi 9fi. *:^Ks/:/^-i^«f,;iS4 OHz(^:^^(;oV^TRLS^#(; 
i5^^©TOBER!^14^^t-mTfe5„ 

i 5it^(7?TOB E R^#^4^7f1-|I1T-S5 5„ 

^' J; 5 «^(^ spj^ B E R 1^14 ^:T^-t-m T 5 , 

12 
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02 2{i. ft;)^ K>7 7°-7-;^JSI^f d 3)U OH z ^7D^-^^loV^T<DSM I 

112 5 (i. \''yzfy-m^^f i-iU 0 H z OD^-a-f-oV^TO^^JE^O^ ^) 
iC^-rS^^B ER#tt>Sr^-t-|g|-^-fc5o 

1112 9 {±. :^^m(DmM(Dmmi o(DFDMA^mmm<Dmmmwi mm.mm 

( Path Division Multiple Access : PDMA) (0'^9(DMit>':^'r J^lZ-iSii ^ 

immmm i ] 

1 0 0 ocDm^^Tf^^My^ y^mxh^o 
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lll^^^Lfc«[::*^v^T{±. ^-if P S i <!r p s 2 i: ^iagiJi-;5/c*{^. 4 
J:'9-TO^wN* (N: g») T'fc':.Tt.J:V\ 
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^OTs R 1 iixn^^-i'p s 1 ^(DiB-^^^a-f-^fz^om^^sT 1 t^mn 

^bi^TV^So T>x^#l~#4i:f:itf|5SRl:fcJ:t>*i*if^STl to^mn. 
0 - 1 ~i 0-4[rJ;'9. m^^l^W^?Lhn^o 
■tfj:t)-h. ^tl^'tlOT^^T^-tX^^iB^tlfz^mt^RX, (t) , RX2 
5 (t) , RX3 (t) , RX, (t) {i. I^Jti-^:^-^ y^l 0-1, 10-2, 
10-3, 1 0-4^^bTSmifl3SR 1 |;iA'9. h^:^ h^Hf^^ 

2 0. Sfi^ic-<^ h/m-^M2 2[i-^;iibtLSir ^^"^^^^12 
-1, 12-2, 12-3, 1 2-4(D—:}vA:hlZ^tl^M^htl^o 

10 tL<DT>'r-^-eroS^t«-i-{-*l"f Sfi^^^w r X 1 1 , wrx21, wrx3 

20 lis 07i)^^(Dfi^#iCw txll, wtx21, wtx31, wtx41 t^WllU 

5- 1, 15-2, 15-3, 1 5-4 t^-^tfo ^^^1 5- 
1, 15-2, 15-3, I 5-4t>h(Diiit}lt. -yi-l O-l'-l O-A 

^jtLX. TyTi-ni-'-^4\Z^-7Lhfl^o 

mi\^\t.m^^\^X\^t£\^t>. gMSR l*5<tt>*-i^ffl^ST 1 irl^«c7) 

25 m^ffi. ^=^~'f\^t^\.Xi:>WtnhtlX\^^^o 

[ry-fy- ^y'T^y^ (Dm\'^WM'\ 
^ft^sR 1 (Dmv^%:Wimz.mm-r^t^xT(ot^^xh^o 
rvv'-rx^'m^tifz.^mt^Rx, (t) , RX2 (t) , RX3 (t) , Rx 

, (t) (i. JiATtT^xtT'^^ns. 

14 
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RXi (t) = hi iSrx J (t) + hijSiXj (t) + n, (t) 
RXjCt) = h2iSrx,(t) + h22Srx2(t)+ njCt) 
RX3(t) = h3,Srx, (t) + h32Srx2 (t) + (t) 
RX4 (t) = h4,Srx, (t) + h42Srx2 (t) + n4 (t) 



•••(1) 

...(2) 

•••(3) 
...(4) 



r::T\ ff-^RXj (t) it. jSg (j=i, 2, 3,. 4) (DTy'ri-o)^ 

isis-^^^L. ft-^Srxi (t) fi, i#a (i = l, 2) (D^—ftmiBL 

o^f-§-co1S*#.ic^^L. nj it) It. j #@(7)S{t{t^fc:^^tiS$i^^^ 

±(D^ (1) ~ (4) ^-<^ hJi^w^^x^mmt^t. &.r(DXoi^ti:^o 

X(t) = HjSrxi (t) + HzSrxz (t) + N(t) (5) 

X(t) = [RX,(t), RXjCt), .... RX4.(t)f - (6) 

Hi =[hji,h2i,...,h4if , (i = l,2) -(7) 

N(t) = [n,(t). n2(t), r^(t)f (8) 

7^=^*351: (6) ~ (8) iLidl^^X. [•••] T \t. [•••] c^tefi^^-fo 

X (t) ItAtlit-^^^ h^l^. H,. « i #i(DrL— if(7)^jf^^^^^ 
h^K N (t) fi$tW'<^ ^y^^mm^LTV^S„ 



t©A;'jft^(Ifi^#si5[w r xli~w r X 4i ^^ftT-g^fiSo Lfdf-i-^gOT-^ 
SRX (t) t LXmtlir^o 

rx] (t) ^ttffi-t-5^-g'®T^VT^yTl^'<<Z)Sjfmi^AT<^ct ^{ClT'^So 
T^-Vx^- :/'T l/^ 1 0 0(Dtti;bit-§-y 1 (t) It. Xtim-^-<^ h /^X 
(t) ■^7:31^ h/Lwi (D-<^ VJi-omm^^'O . UT(DXoti:^xmio 
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yl(t)=X(t)W/ -(9) 

W, = [wrx„, wrx2i, wrx,3i, \vrx41f -(lo) 

■t^£t)-h. h-<i? hyi-wi jm^oAtJit-^RXj (t) izm-f-k 

t^^nSfi^^.iCw r X jl (j=l, 2, 3, 4) t-t^^i!^ h^^X^h^o 

zzv^ (9) (DXo\zmt^^tifcy 1 (t) td^pj-LT. ^ (5) Kx^mm. 

yl(t) = HiW/Srx,(t) + H2Wi'^Srx2(t)+N(t)W,'^ — OD 

10 HjWi'^^O -(13) 

^(12) ioi:Xf^ (13) ^Mfc-TJ: h-<^ hyvwi ;i^^±(c^J 

^^$n5<b. T^rx^l^TW-r 1 0 O;0^e)tDtii;^/{t-^y 1 (t) (i. ^^J^^T 

yl(t) = Srx,(t) + N,(t) -(14) 
N,(t) = n,(t)w,, +n2(t)w2, +n3(t)W3i +n4(t)w4, 

••• (15) 

15 i-f£iyib. thtlit^yl (t) lat. 2K(0:^—^(D0^(D%\%^(n=^'-f 

;6SaLfcft-^S r xl (t) ;5q#b^^^<t(C7fe?)„ 
[MU^m. 1 0 0 0 (7)itlf^(Z)m^] 
il2{+. JE^i^fil 0 0 0(D»]{^(Dffi^^lftPJ-rS/ci6O7D-^-t- hTfc 

■So 

20 ft^iggl 0 0 0(^*51/ ^Tfi. Ti^VT^^-r/'Tl^-rcO^:!^^ h^iJ' h/l^ (S^ 
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?r^T^) (:^y'yy'Sl 0 0) „ eWf^Jl^fi. ^ (1) ~ (4) ^c:jo^^T, ^ 
WV^mxL^i. ^ (1) ~ (4) fc:ioV^T. /c<t;tff, Sff#.^-<i^ NyVH, 



:t;-t-§ (;^xs/7°s i o 4) „ 

T>'x-:^-^STgft[Hi!g;^^ttiJ:^^tlS{t-^{i, ii^LytsC (1) ~ (4) "C* 

x-mmLti^^wximi-z.tiz-r^t. i^Tost (5) - (s) <z)<}: ^f^^^^-So 

X(t) = HjSix, (t) + HjSrxj (t) + N(t) - (5) 



• ttffitr^^-5fc^^:), ±IEit-f-s r xi (t) (i = l, 2) fii--<T» 

17 



X(t) = [RX,(t),RX2(t),...,RX„(t)r 
Hi=k,h2i,...,h^f, (i = l,2) 
N(t) = [n^(t),n2(t),...,n„(t)f 



•••(8) 



...(6) 



•••(7) 
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h/UH, = [hll, h21, h31, h4l] *3J:U?H2 = [hl2, h22, h32, 

h42] ^];xy\z.WLm-t^ LT^Hi-rs ^tt^x^^o 

if-^srxi (t) ^w^n^t>^x. T^-ifv7->¥*s (B#rB^¥*&) ^fiM-r^ 

EpC(t) • Six,Xt)]=H, • E[Six,(t) • Six;(t)] 

+H2 • E[SiX2(t) • Six;(t)]+E[N(t) • Srx,*(t)] 

•■■(16) 

^(16) {C*5V^T. E [-J it. f^m^i^^Tj^L. S* (t) fi. S (t) 

E[SiXi(t) • Srx:i*(t)]= 1 ••■(i7) 
E[SiX2(t)' Srxi*(t)]=0 • •(18) 

E[N(t)- Six;(t)]=0 -(19) 

ZZX\ ^ (1 8) (Omr^O tti^Oit. it^S r x\ (t) tis-^S t x2 

15 jf-tsrxi (t) tm^it^r^ (t) <^c^r.1{c:t@M:^s/^v^fc^6-efe6o 
EpC(t) • Srx;(t)]=H, ••(20) 

u:k±<DXofj:^mi^^^s '^i^B(D=2.~-^ps i*^hmm^rifziB-^(D§:it 

20 ^ h /I- H, ^^i^-ra:: <t;5^-e# So 

l^^tlLT. Ktlit^-<-i^ h^^X (t) <bjt-^Srx2 (t) (DT>i^>:/> 

18 



wo 00/79702 PCT/JPO0/04D86 

(t) ti-^t. iiJlElii^n ho^||M/-->i/v'V;Jf/U^iJ©^^J t or- 
<75fitf (to) t. ±'0mU:=^u >y h(Dm^Mhi^~-:^>^i^iy>-^^u^\\(DmMt 
ITcDftf (tl) t ^^go'^^T. T*? Isli^;^n hcDB^^iJ t {Ijoft^fit f 

(t) (i, I^ATOJ; ^t^ii^-iiiJ-etSo 
f (t) = 

[f (tl) - f (tO)]/(tl-tO) X (t-tO) + f (to) 

s.^om^^b. mmtcDrnf (t) ^2i!k^mvm^-r:5ms^tLxh^^\ h 

19 



wo 00/79702 PCT/JPOO/04086 

i) 

^-lf P S 1 (Dmm t=iT ( i : ^mm. T : m^iWPH^Pi) 
^ }^^'^ hyVW'" ( i ) = [w t X w t X w t x ,3, w t x ,4] ^%X.So 

5 ^-f-'P S 2tI*j-LTi^iyLfcfeW (^jt#i[-<^ b/l') ^V'^'' (i) = 

[h,'«' (i) . h,'<^' (i) . h3'"' (i) . h/«' (i) ] ^i-5o 

h/*"' (i) Hq#gco^— t^'o, p # i (DT yx-:^-!::^-^ -6 S^t^^ic^ 
h/K7)B#^j i \zMi-^nmx-h^o mmi^LX. ^—fp s i iz.i^LXhB 

»V"' (i) ^^ffiiJLTfcStj(7)if §0 
10 Z(Dt^. (i) ^V"> (i) =0 tfj:^^^i^s w*'^ (i) ^^ft^-t^o 
?S]m^#<tLT, ^:XT(D^Wc 1) . c2) ^^-fo 

c 1) W<'> (i) ^V<" (i) =g (-^ffi) 
c 2) ||W^'> (i) ||^ft/hi1-?)o 

15 i i) »tSMtT^iJ^fflV^-5:^fe 

(t) . h-<^ h;w^Wi:«^-r<t. ili;^Y (t) =WX (t) 

20 -g- (MMS ESii : ft/h 2 ^^^feS*) . ftji-^:^^ hW„,, (t?J:5»: (W i e 
n e r X-^:thtl^o 

Wop,=R;ir,d -(21) 

fzfzL. 

R,,=E[x*(t)x^(t)] ^^^^ 
r,,=E[x*(t)d(t)l •••(23) 

20 



wo 00^79702 PCT/JP(M)/04086 

tzbx\ mmmnm^m'^:i^mvit. ±m^ (21) ^&.Tizm.mir^ 

So 

V^'>(i) = [hf)(i),h«(i)....,ha*>(i)]^ -(24) 

(i) ^m^xisk^x-mi^^ti^o 

R«c(i)= i V<'^*(i) V<''>T(i)+NI ...(25) 

r^(i) = V<*')*(i) ...(26) 

Lfc75SoTit(2 1) (2 5) (2 6) tlj;(9. K^giJ t = i T{Ijo(t-5T*?lHl 

fa^. ^ (2 5) t7)^&tT^m»Mtf^iJ{7)ffili^g(Cj:^. ^— !fk(C*}-LT 

W(^^(i) = (p22 +N) V<'>*(i)-pi2V(2^*(i) -(27) 
W<^^(i) = (p„ +N) V^^>*(i)-P2,V(''*(i) -(28) 

p,.=V«''(i)V<j>(i) 

21 
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. oV^Tfi, fzt:^i-£. :T. Ohgane.Y. Ogawa, and K. 
Itoh, Proc. VTC '97, vol. 2, pp. 725-729, Ma 

y 1 9 9 7. ^fzit. xm. : m^. /Hiu im. m^^n. v o i . r 

CS98-117, pp. 103-108, Oct. 1 9 9 8 {C|Sic$ tlTV^6o 
5 i i i) P S 1 {c:[^tj-^:^fe 

f-i.^^-- !fp s ^ tw 0 McD^izMu-r^ t . uT(D^^mtc'\t 

( i ) =v"' ( i) * 

10 mit-rtiit. nBij:i'^<o fj^t^m^fii^^ V -B^m^^m^Lfcm^. tdd/p 
mmo^^mixit. Bmm(Dm^^^ (20) (Dry^y-i/^i-^i^^m^'^^^ 

15 t\Z^<on^j:^t:Lo 

04}*. ^ji(^?l?^>i g^t«^^ h;^ff»^2 2(Z)ft!l(^1i^^ 

20 ^(Djf^Srxl (t) *^^»^4 OT'^^Lfcmi::. ^^:^7^yl'i?4 2^ 

hju^^l^^Ztt^Xt^o 

25 ffi^^nS 2#ScD^— f P S 2d^?3(7:)jt^S r X 2 ( t ) Olt^*®(Dft-i- S 
rx2 (t) *^m.n\.tM^. m^i^y^^l^^ (H^-tir-f) ^ilii^-fr^ts 

22 
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^(Dm^^nti:o. ■t^J:t>ib. ±si(D^ (2 1) ~ (2 3) {ZTjkLfziiol^. 7 

..(22) 



R^=E[x*(t)x'^(t)] 
r^=E[x*(t)d(t)] -(23) 



r.ZT\ tiM-<^ h/Wr,, l#SO^— TP S 1 t^>Pj-r6'j7:i.^ 

r,,= [E [RX, (t) d (t) *] . E [RX, (t) d (t) *] ] ' 
~ [h„. h2,. ha,, h^,] 

^yyTfiji^m^^^tixi^^tiit. ms tmmi^Lx. ^—fps i(DB^^(Dm^ 
t\ 1 0 :}o 1 1 x-^mtfj: ^ . mm^omm t x(D^mm^^'mx^ 

23 



wo 00/79702 PCT/JPOO/04086 



>'x-t-;i^^tti;'j$tL^ l#ico^-1f P S 1 ;i^ibOjf^S r X 1 (t) ir«6<3 
10 fl^\tW^^^ V)V\i 'i, (t) ^^^tfc^*^?|V^fct(0^5fe*■CRX i ' 
(t) cb-f-^e -ffiiTD^. 

RX i ' (t)=RXi (t)— h'i,(t) -Srxl (t) 

■m&(Dwm2>(Dm%wk^^ V)^^'Mm.2 2xn.. e ei rxi' (t) i 

15 ^r-C\ lo(D±i9lHl^:^p 5/ M^lwfi, k = 0;6»bk=M (fc<b^{f. 11 

Kco^fs^^-<^ b/P^hi, (t) ir-rstt. E [ I RX i ' (t) M] 

h ' i, (t) =hn (t) 
20 ftt^l^T?£^fflV^5 h ' i, (k) (^^J t = k TO<!: tOffi. k : 

h (k + 1) = 

• h'j, (k)+M {RXi (k)— h'„(k) - Srxl (k)} • 
S r X 1* (k) 

'i, (k) (DMiii:<t tTfi. h'i, (0) =oir-rn«cl;v\ 

HT^-feSo dsn. US ctm^nsm-C-fe^o ifi^bxCl:- h ' (k) 

24 



wo 00/79702 PCT/JPOO/04086 

m i ^B<DTy7'i-f)^b(DiB-^RX i (t) t^h. T^'-:f'r4:/Tu^TyT 
i-f)-hlii:fi^ri^imB(D=^—fPSi^)>h(DiB^-Srxi (t) tiRM&^t^^: 
h/wh ' ,., (t) ^mMLti'^^f£bmz2mB(D=^—fPSl:b^h 

ofs-f-s r X 2 (t) ti5.mmt£^m^M-<^ hj^h \, (t) ^^mu/c^:^ 

^^\\^tzh<D^^}^XRXi ' (t) <ir1-§o 1-^^t>^. 
RX i ' (t) = 

RX i (t)— h'i,(t) -Srxl ( t ) — h ' ( t ) •Srx2 (t) 

■mmoi^mACD^mwM^^ h/n+»m2 2x\-x. e [ i rx i ' (t) i 

25 



wo 00/79702 PCT/JPOO/04086 

^ft/J^{c•r-5 h ' i, (t) joJ:t>'h'i2 (t) ^UT(O^0^^\^X-^LX-^ 

H'i (t) = [h 'i, (t) . h (t) ] ^ 
S RX ( t) = [S r X 1 ( t) . S r X 2 (t) ] ^ 
(b-r^ t . E [ I RX i ' ( t) tD^^ h/vH ' i .( t) {c:M1-§4giH;as 

R,;'=E [SRX* (t) SRX' (t) ] 
r,,= E [SRX* (t) RXi (t) ] 

mmmm^ t lt. ^\mM^^ h/vffM2 2(^$^(ifiiiomtii:^i5fe(io 

TyW^f'yXi^ : Recursive Least-Squares algorithm) t^^Xh^c 
W,\^n(DTy7'i-h^h<D{t^RX i (t) T^':f'T^-fTU-(T>T 

(t) ^^%Vfz.'i^^^^\\^^fih(D^^^XRX i ' (t) ti-^o -tflti 

R X i ' ( t ) = R X i ( t ) — H ' / ( t ) S R X ( t ) 



26 
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H'i (k+1) = H'i (k) + R^-*(k) SRX*(k) RXi'(k) -(29) 
RXi'(k) = RXi(k) - H'i ^(k) SRX(k) — Oo) 

R„->(k)=l/A-R,;»(k-l) 

- 1/ A • [R„-'(k-l) SRX'(k) SRX(kf R„-'(k-l) ]/[ A + 

SRX(k)^Rss"'(k-l)SRX'(k)] •••(31) 

19) *-e®x-^;i5-B^tLTV^5ti(Z)i:i-5„ 
rr-C\ &l (0<X^1) {1, :gSP#i[T'fc5o H'i (t) <D^mm<D 

%Mmm 5 T'«. m 5 t/cmrs^f- i^tit^^^x. ^^.^(D^m^^n 1 0 

^ H#^J t l(D2 .^.(Dy"- ^-fy^h^ff^-^ fZo 

(D9vmt];m\.xy'~'^w:(DizmfmmLx.^m-^m^^A^-^<n7L^ztt>-^ 

27 
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\^^xsxri^mm-r^o sj^rizmm-t^oit. \^^i^'4>^MM^r& (LMsryw^f' 

10 m&=}^<^^imM^^ h^i^H' it) ^mwLfz'i^^^^\\^'±^(^^^^xRx 
i ' (t) t-r^o -r^i^h. 

RX i ' (t) =RX i (t) — H ' Mt) SRX (t) 
LMSTyi^^'y Xi.{;:J;ixfi, l^T<^5t:0^fi5c>9 3to„ 
H ' i (k + 1) =H ' ,. (k) SRX* (k) RX i ' (k) 
15 ZZXi,. l-D(D±iO\M\m^^ h'P^Zit. k = Oi)^h k =M (fct^it. 1 

1 9) ^X'(Dv'—^t'^^t.HX\^^^h<Dt-t^o 

0<M<l//lma X 

20 ZZX\ Xma xii. tBUfr^iJ Rxx ©S^iS^iiT'fc 5o ^tz. H'j (t) 

f P S 2^co^^T^T;t^i^ tf PS 2{c:-s^-r5gjf#^-< 

28 



wo 00/79702 PCT/JP00/D4086 

omme <D:^m^m^^n-r. m^it. Ummm (SMI : sample matrix 
inversion) ^^fflV^S ^ <ir "Tl^T-fo^o S M I :^^<7)^'g'(i, HSfC^Lfc 

T J[il T l:: 0^ -r 5 c lii T I5i -r 5 © H , ^^ ^ >5 A R ^ 
(Autoregressive model) t^MXhho 

UTXit. ^imM^^ h^i-(Dmm(D-^^ixm&^i^f (t) xm-r^tici- 
(t) (i. "fmmm i^^tf^T^m^^) xh^. 

^Zt^^X^^. 

AR^7=^yK7)A;^(c±l5v (t) ^A;t;-fn{i\ mm ( (t) ;i^S^T'#. $ 

o 

I19{1. UTt^^Lfc^^/l-^J'A (z) cD«)5jc^/T^-fW:7'n 5/^111 -So 
I219{C*5VNT, ^^^i^an-a^ (i, E [| v (k) j; 5 

{f (k) } ^JM7jfe(DAR^x>T-&tLfl. {v (k) ) 

t^i^. mioit, AR^r'Mcion^y A (z) oi^y^ju^w (z) 

29 
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5 tl^o 

ir/l-f^tC 2 ^— if>IIl— ^-r ^vKdHJl^-t"?) T DD/ P DM A;^i^^%X.?)o 



wo 00/79702 PCT/JPOO/04086 

tiii. Wi'^Ltiy<v ;^ — ^imtd = 5 X. 6 ,= 0 d e g . 62=88. 4de 

HI 3(i. PDMA(D:Au^y hm^^^-rmx^h^o mi siz^-rxoi^. p 

DMA/<-X hcb LT±TII]J^(-^tim4:3.-if-fofiJ^Tfc:8 7.n5/ h^f^ 

QP SK. 'g3I^M«4 0 0 k b/s <t-r^o spj^BER (f-;/ h^i^-i/- 
i ) ¥*>]E,/N„{c:*f-t-§m4 

i - 1 ) mmmm^ 

Ell 4~1 etlft^K^/T^^-Ji^f.^iSSHz, 20Hz, 40HzO:» 
^(:loV^T(Z)31ja^i^^DBER#tt^^nm(::^-ro ^^JK^i^ ^) A 8 ft 5 d e 
g i Lfco 11 1 4~ 1 6 l:::joV^T, 1itt(t¥i^E,/No y YhfzK) (D^i^^ 

3^^-~/V^-nW^n.ti^^it. Average Eb/NO X^iTo . f&OUlT?^ 

I^^t) ^^L. mi%\t.W-^\fy Y^y-i^-Y Average BER X^-t. U 

F,= 2 OH z cZ)*-g'};iPJb;5^/^av^;0^a:btL. ^l^5fe#5feT'{iSEb/No 

xyuT^^Koizni.. mm^W:Xit± ^mmt msm l v ^^^mm hrix\^^ 
§0 f ,= 4 OH z (c/=ts<i:, mm^'&^F^^'fcm^xh^i\iLi^i^^r\ 

Xi^V&^^mtit^XEyN,= 3 0 d BT'2«TJ^±J:V^i|$tt^^LTV^5c 

31 



wo 00/79702 PCT/JPOO/04086 

i - 2) RL S^^tcj;^*!^ 

01 7-1 9}::. S^K5'7°7-JijSicf,;5^5Hz. 2 0Hz. 40HzO 
L^oTV^So L/i)^L, f,= 20Hz. 4 0 H z (D i t {±. ^^^&=^fflV^:rc 

= 3 0 d B-ei -2^f^gJ;v^#'t4^^t-cv^?)o 

i - 3) SM I ^Wl^X^^^ 

5) ) t. it^(Dfc^. ^m. *Dj;th'*#m{l3 1 h -^i^'^v'^- 

^j^Vv^ij^ ^m{z.6 e'yyyf^/i^Of—^iyy^^/^n (ft^^fe (3 1) ) ^n^-ffc 

Igl2 0-2 2{C*:^K>y7°7-Jll«f ,;d^5Hz. 2 0Hz. 4 0 H z 

#!Iov^-C(DSM 1 ^^[c:J;6?i^©^i§BER#'t4^^nW/T^-rc 

32 



wo 00/79702 PCT/JPOO/04086 

ht. RL ST-(D^^#fe2 i SMI T'O^^^^ (15) -fy^mt-^l^XioV) . 
SMl-roM#& (3 1) 19 1>^^ j;< 7'£oTV^5o mfi. 

i i) :^gj£;iJ'9{c:*r-r5#tt 

m^mt ^x7'-'^^m\z.x.^Mmm^m\^^f:im'k (.Ri^^xco^m^m^) 
^igffi-rsr <irtc-rso t.fz. im(Dfz}sbmmtm'&^nfii<>f:im%\z.r>\.^x 

[112 3-2 Sflft:^ K5^7°^-jljSi[f ,;6^5Hz, 20Hz, 40Hz(^)^ 
^\z.-o\^X<Di^^]j:i^ 13 {c^-f-^^i&B E R#tt^^ia^*tL^i-o 
f ,= 4 OH z (Z)*'^[C4o^^T. t$5l5#ffiTit. A 0 (^m^ cb 

mifi^TL. '^m(D^m\^x,^^m^<^-'y<Dmt-i)^±^<fi:i>fc}^xh^. 
f ,= 5H z cD^-a-i-ft^ mz-s i^eomMtthi^'i^m^^m^rix 

S^»^/=^^i^^ffi^^fc:^^^::fi. f,= 5Hz. 2 on zXAi^MUhm^m 

\.\.^'^mmhfix\^^^o 

i i i) ft^ K^'T-y-iiiSicfc^l-rSJI^tt 

33 
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5 V^:: ^r;65t)*^5o 

1112 7{i. *^0J(7)^^g^OM8(7)PDMAffi5i^5^(7)iE^^g {^^Sffi 

^) 2 0 0 oco^^^^i-ttiii§:/p yi^Ig|-e$>6o 

m 1 {ZTjk Lti^^p^ommmm i c^^i^^m mM^^m) i o o o c^it^ 
10 tmT'ct^^^ji, ^imm^^ hJ\^f\-^m2. 2 ^>h(Dtiiti^§:nx. ^—fi^mo 

(Dm^'^mzitcxmn&^i^mmmi 5-i~i 5-4}c-^^^^#^-r>y^5 
15 El ~7<^v^-fix;?>^o#^i^e mMMi^m) (Dm^tmmxh^o 

T-Sy^tT^cftJ-ff-. HIS 2(^=g^5lt(7:)«fi£cDj:^(^S:jf f^oi^ h-<^ h^i^^^roS 
^is^m -^7^1^ h;i.<i: tTfflV^7t;^;^^^v^■5Tiitt;6^fc§c 

20 ^ZX\ mm(Dnm8(DmBBW:2 0 0 0Xlt. i^&^i^)T*5V^fl#tilMJ: 

:yf-5 4{Cj: "9. glt-^^-Y h-^^ h/l-i)>^(D^^m^^l 5-1-15 
25 h-<i? hyuf+^i^a OtDtU;^;6S^^^l 5 - 1 -1 5 -4(^-^;ie)ix5o 

iMMmm 9 ] 

34 
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m) 3 0 0 OcDltfijc^^-t-lllPI&yn -/^HT'fe-Sc 

TU^T^y'^l ~# 4;^^f,©^t#^^{tT^^t^t■i■(^^-<y^^t+^-t-5S:^tL- 
-</^tfM56i:. $mi^^^^nwm5 ei^iboiiiti^^ifx. 

5 6CO¥lJ^/^:^f-J^^i:T^4R61]{::S^^l 5 - 1~1 5 - 4 t^#;t-5^#^'Y y 

5- 1~1 5-4}I-^X.^tl^o i^fe^i?)T^5V^/cS^tl^^/^J; t) t> W^t^h 
'y^5 4{c:J; a^^M'^'^'i' h-<^ h^^tf-M3 0 otti;^);^^*^^ 1 5-l~ 

Pi=H,'/N=(hi,2+h2,^+h3,Vh4i2)/N -(32) 

imMmmi 0] 

35 
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PCT/JPOO/04086 



m) 4 0 0 0(Dmj^^7T^i-My"^^y^MX^h^o 

m2 8iz.7jk Ltz:i^mM<DmM(Dmm 9 comMuw. mm^mm) sooocom 
m(Dmm9 (Dmumm. mu^^m) ^ooo(Dm^tmmxh^o 
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1. V Tji^^-i j^izT>r-i-m\^^^m^L. m^(o^^t(Driivm-^(Dm^m 

20 -^^^'x-^tlJ^i:, 

25 *3J;t>'^2(D*iM^^ttlL. 
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|iII5ij#^Offi7^;^^ h ® tf $g ^ nm^m-t-S «<D7=^- ^^-r § X - ^ 

38 
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1 2. HilE»c7)^m#.^-<^ h/i-co^e^T'ct^ttifi. Sif6^ft/h2^&}^J:5. 

1 3 . ^mt^M^%\-t. 

1 4 . ^jtft^^^^ESgfi, 
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FIG. 7 




FIG. 8 

v(t) >l 



W(Z) 



■^f(t) 



W(Z)= 



A(Z) 



5/30 



wo 00/79702 



PCT/JPOO/04086 




wo 00/79702 



PCT/JPOO/04086 




wo 00/79702 



PCT/JPOO/04086 




8X30 



wo 00/79702 



PCT/JPOO/04086 



CO 



CM 



a> 



CO 



nlr 
!|jn 

II 
V 



CO 



00 

en 



^ 



CM 



0) 



CO 



^ 1h 



■ton 

II 
V 



9/30 



wo 00/79702 



PCT/JPOO/04086 




10/30 



wo 00/79702 



PCT/JPOO/04086 




11/30 



wo 00/79702 



PCT/JPOO/04086 



CO 




uaa ^ik 



12/30 



(^SlJ26) 



wo 00/79702 



PCT/JP00/D4O86 




13/^30 



wo 00/79702 



PCT/JPOO/04086 



N 0 

O to 

OJ 

II 



i ; 



o 

CO 



I / 



o 



r 



^ // 



IS 
It 



V csj 

^ H ^ AS AS 

H -D V ttf 

3^ H M INK 

-H E ■!> 5g 5^ 

- • ~ - • 

i I I " I 

? t t " 9 

i ! ! : I 



00 



X3 

LU 

1^ 



o 
o 



o 



OJ 

b 



CO 
I 

O 



b 



I 

o 



b 



XXX 



14/30 



wo 00/79702 



PCT/JPOO/04086 




15/30 



wo 00/79702 



PCT/JPOO/04086 




16/30 



wo 00/79702 



PCT/JPOO/04086 



CM 

el 
Li: 




H39 



17/30 



wo 00/79702 



PCT/JP00yO4O86 




18/^30 




19/30 



wo 00/79702 



PCT/JPOO/04086 




20x^30 



wo 00/79702 PCT/JPOO/04086 




21/30 



wo 00/79702 



PCT/JPOO/04086 




22/30 



wo 00/79702 PCT/JPOO/04086 



FIG. 27 



#1 

#25^0-1 



HSW41 




2000 



12-1 ' 



SRI 



-22 




^0 hJU 



32 



1 



52 
J_ 



ST1 



-34 



23/30 



wo 00/79702 PCT/JPOO/04086 



FIG. 28 



3000 




24x^30 



wo 00/79702 



PCT/JPOO/04086 



FIG. 29 



#1 




12-1 



-56 



-22 




32 60 



mmmm./ 
t 



-34 



4000 



SRI 



©ft 



;ST1 



25/30 



wo 00/79702 



PCT/JPOO/04086 



m 







CO 




















vK 


vK 


vK 




OQ 


in 
























vK 









CO 





CO 


CO 






"T 








■^^ 






vK 


vK 


VK 


CO 


in 








IT 






'N- 








vK 


vK 




CO 


CO 


CO 









o 


CM 






CVI 


Si 














■t- 








vK 


VK 


Oi 




CO 




cvi 


CM 




-A 








— % 






-rf 










\K 











Q 



Si 

itmrl 
PI 



CM 








CO 
— s 




00 






























vK 




vK 




2h 




vK 






CO 


















'if 




'if 
















VK 




vK 








vK 






CM 




CO 







CD 



T— 




CM 




CO 




-> 






'If 








'K- 














•^ 










VK 




vK 










CO 







26/30 



wo 00/79702 



PCT/JPOO/04086 




27/30 



wo 00/79702 PCT/JPOO/04086 



FIG. 32 

1 

1 




J 



28/30 



wo 00/79702 PCT/JPOO/04086 



00 
CO 



Hud 
Q 

0 



ijlO 

G 
Ml 

AJ 

Ate 



29/30 



wo 00/79702 



PCT/JPOO/04086 




O) CD 

30/30 



INTERNATIONAL SEARCH REPORT 



International plication No. 

PCT/jPOO/04086 



A. CLASSIHCATION OF SUBJECT MATTER 

Int. CI"' H04B7/10, 7/08, 7/06 
H01Q3/26 

According to International Patent Classification (IPC) or to both national classification and IPC 

B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 
Int.Cl'^ H01Q3/00-3/46, 21/00-25/04 
H04B7/00-7/12 
H04L1/02-1/06 

Docimientation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Koho 1922-1996 Toroku Jitsuyo Shi nan Koho 1994-2000 

Kokai Jitsuyo Shinan Koho 1971-2000 Jitsuyo Shinan Toroku Koho 1996-2000 



Electronic data base consulted during the international search (name of data base and, where practicable, search temis used) 



C. DCXXJMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of docimient, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


Y 
A 


JP, 2000-22612, A (NEC Corporation), 

21 January, 2000 (21.01.00) (Family: none) 


1,13 
2-12,14,15 


A 


JP, 2000-224097, A (Hitachi, Ltd.), 

11 August, 2000 (11.08.00) (Family: none) 


1-15 


A 


JP, 8-274687, A (Matsushita Electric Ind, Co., Ltd.), 
18 October, 1996 (18.10.96) (Family: none) 


1-15 


A 


JP, 10-285092, A (Matsushita Electric Ind. Co., Ltd.), 

23 October, 1998 (23.10.98) 

& EP, 869577, A & CN, 1195240, A 


1-15 


A 


JP, 10-70494, A (NTT Ido Tsushinmo K.K,), 
10 March, 1998 (10.03.98) (Family: none) 


1-15 



I I Further documents are listed in the continuation of Box C. Q See patent family annex. 



Special categories of cited documents: 
"A" document defining the general state of the art which is not 

considered to be of particular relevance 
"E" earlier documem but published on or after the mtemational filing 
date 

"L" document which may throw doubts on priority claim(s> or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 
**0" document referring to an oral disclosure, use, exhibition or other 



**P" document published prior to the international filing date but later 



later document published after the international filing date or 
priority date and not in conflict with the application but cited to 
understand the principle or theory underiying the invention 

*X" document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an mventive 
step when the document is taken alone 

*^ document of particular relevance; the churned invention cannot be 
considered to mvolve an mventive step when the document is 
combined with one or more other such documents, such 
combination being obvious to a person skilled in the ait 
document member of the same patem iamily 



Date of the actual completion of the international search 
12 September, 2000 (12.09.00) 


Date of mailing of the mtemational search report 

26 September, 2000 (26.09.00) 


Name and mailing address of the ISA/ 
Japanese Patent Office 

Facsimile No. 


Authorized officer 
Telephone No. 



Fonn P<jr/ISA/210 (second sheet) (July 1992) 



mm^^ PCT/J POO/04 0 8 6 



A. ^m<Dm't^^m(o^m mm^f^^m (i po ) 

Int. CI' H04B7/'10, 7/08, 7/06 
HO 1 Q3/2 6 



m^^rfotzSc^mmn m^Mw^^m (i po ) 

Int. Cr HO 1Q3/00-3/4 6, 2 1/0 0-2 5/04 
H04B 7/00-7/1 2 
H04L1/02-1/06 



^^mMmmm^jin 1922-1995^ 

n:^m{^mmmmM^ji:n 1971-2000^ 

B*B^^^ffi«f|giiir# 1994-200 0¥ 

^>^mMmm^^m<^m 1996-2000^ 



Y 
A 



JP, 2000-2261 2, 
2 1. 1^. 2 0 0 0 (2 1. 



01. 0 0) 



JP, 2 0 0 0-2 24 0 9 7, A 
1 1. 8.^. 2 0 0 0 (1 1. 0 8. 



0 0) 



1, 13 
2-12, 14, 15 
1-15 



[x] cm(om%\^hxmmm-^fixv^^. 



<DB(Dmz<ckm^h.tzxi^ 
TYj mzmmoh^xm-chox. mmxmti&<r)\&. 



12. 0 9. 0 0 



26.09.00 



mmm^mm<o^^.Rv^hx9c 

B^m^f^fr (I SA/J P) 
SeS^^l 0 0-8 9 1 5 
:tM«ei^ft ffl Eg;6SHZT i 4 # 3 ^ 




5 J 



9 6 5 4 



03-3581-1101 rtiH 3534 



^^PCT/I SA/2 1 0 (^2^-i^) (1 9 98^7^) 



SSSmffi*-^ PCT/J POO/04 0 8 6 



JP, 8-274687, A (fe^TSi^Mll^^^^t) 
18. 10^. 1996 (18. 1 0. 9 6) 

JP, 1 0-285092, A (^SiTW^mmm^^m 

2 3. lOM. 1 9 9 8 (2 3. 1 0. 9 8) 

& EP, 8 6 9 5 7 7, A & CN, 1 1 9 5 24 0, A 

JP, 1 0- 7 0 4 9 4, A (^J< • x>f • X'f^SjiifiiHgtSfe^^ 
*t) 

10. 3M. 1998 (1 0. 03. 9 8) 

(77$ y-^<et) 



1-15, 



1-15 



1-15 



«SCPCT/I SA/2 1 0 



i^<7m%) (1 9 9 8^7^) 



